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Abstract 
In this paper, focuses on how to create a special library of any marketed solar panels in the Orcad-Capture environment using the 
design features provided by the founder, we established and implanted in Orcad-Capture the electric scheme of the solar panels 
according to their architecture. The main idea is to obtain PV station within output voltage exceed one kilovolts in order to 
simulate PV networks using transmission in HVDC bus. This makes it possible to model the operation of each panel powering a 
resistive load or other charges. Also, according to temperature and solar irradiation changes, simulation is used to determine with 
high accuracy the electric characteristics of the panels and the characteristics of the single or multiple maximum power points. 
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1. Introduction 
Current trends in energy policies are oriented increasingly to renewable energy using sustainable and natural 
sources. So the growing concern for environment preservation, especially in the recent decade, has caused a wide 
spreading of photovoltaic (PV) systems in distribution networks. The use of various energy sources requires further 
scientific community action and detailed modeling of PV array for power system simulation studies is needed. One 
of the most promising ways is to connect solar and wind sources, or even both, to a common HVDC bus designed 
for optimization of the energy transportation. The aim of the authors in [1] was to conceive dedicated converters fed 
by a distributed photovoltaic architecture and connected to HVDC bus.  
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In specific literature reserved to the modeling of PV systems under various software environments, models are 
limited to PV voltages below 200volts.In [2] targeted objective is to develop DC/DC converters able to ensure 
voltages from 200volts and over 1kV at the bus. 
For PV modeling, some mathematical simulations are based on current-voltage relationships [3,5] where the five 
parameters of the single diode model is widely discussed by [6]. Also based on the current–voltage relationship in 
the single diode model, simulations using the EMTDC/PSCAD environment, some authors developed a circuit-based 
piecewise linear PV device model for electronic simulation software [8]. Finally, we can note that a new model, 
named DRM was developed to take into account the reverse mode biasing of PV cells [9].The most popular models 
are made to produce behavior of module and aren’t able to that for high voltage PV panels configuration. For all 
these reasons, designers need a reliable and flexible tool for predicting the electrical characteristics of PV cells, 
panels and arrays with various sizes and a higher accuracy. In this study, a single diode model, modified to take into 
account the characteristic of PV solar cells is developed under Orcad-capture software and expanded to PV module 
even to PV array considering a possible output voltage exceeding one kilovolt. Modules are taken in series 
connection and simulation results are compared to manufacturer module. 
2. The proposed PV cell/panel model 
The simulated PV cell model under Orcad-capture software is shown in figure 01. The Pspice model of the diode 
D is modified to (Is=250p, N=1, Rs=2.8m, Ikf=0.3227, Xti=0, Eg=1.11, Cjo=302.5p, M= 0.7206, Vj= 0.5, Fc= 0.5, 
Isr=1.2u and Nr=1.426). This diode configuration is chosen to reproduce the SP75 PV panel manufactured by 
Siemens Company. Rs represents the serial resistor and Rsh the shunt one [9] where Iph is the photocurrent 
proportional to the solar irradiation level. 
 
 
 
Fig. 1. One diode PV cell model implemented under Orcad-capture software. 
 
In simulation, the load varies from 0.03 to 1kOhms and represents a dynamic charge for increasing current from 0 
to 4.8 A. 
 
Simulation results are presented in Fig. 2. We can observe that the maximum power point is reached at 4.4 amps 
and 0.48 volts. In this case the PV cell produce 2.13 Watts. Furthermore, we have plotted in Fig. 3 the I-V and P-V 
curves at 1000 W/m² for various temperatures. We can see a decrease of the conversion efficiency with the 
temperature increase and for temperatures more than 25°C, the PV cell produces less than 2.13 Watts. 
 
The SP75 module is a solar panel (120 cm x 52.7 cm) integrating monocrystalline silicon cells. It consists of 36 
solar cells connected in series as represented in Fig. 3 by the proposed Orcad-Capture PV cell model. The surface of 
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each solar cell is 125mm x 125mm. Module SP75 can deliver 75 Watts under 17 volts (under standards test 
conditions (TSC)). The right side of Fig. 3 gives the hierarchical bloc of the module, which serves to build array by 
series connection allowing an output voltage up to one thousand volts. 
 
Fig. 2. I-V and P-V characteristics for PV cell under 25°C and 1000 W/m² (in left) and 1000 W/m² and various temperatures (in right). 
 
Fig. 3. The SP75 PV Model with the proposed PV cell model and its hierarchical bloc implanted under Orcad-capture. 
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We report in Fig. 4 the I-V and P-V characteristics as a function of irradiation levels and temperature changes. In 
the left- part of Fig. 4, the curves represent the characteristics recorded at a fixed temperature equal to 25°C under 
changes of irradiation levels (Fig. 4-left part). Compared with the manufacturer characteristics given in Fig. 5, our 
results present a good agreement between the real characteristics (experimental) and those deduced by simulation for 
the panel symbolized in the Orcad-capture environment. Then the Maximum power point (MPP) reaches at 
Impp=4.44 amps and Vmpp=17.02 volts where the panel produces 75.56 watts. 
 
 
Fig. 4. I-V and P-V simulation results of the SP75 module; according to the solar irradiation for a fixed temperature of 25°C in the left and 
according to the temperatures with irradiation set at 1000W/m² in the right side. 
 
Fig. 5. The SP75 module I-V characteristics provided by the manufacturer according to irradiation levels at T°=25°C. 
In the right –part of Fig. 4, the curves represent the characteristics recorded at a fixed irradiation level equal to 
1000W/m²under changes of temperature. As previously, we get a very good agreement between these simulated 
characteristics and those given by the manufacturer. The results obtained show that commercial solar panels can be 
well modeled by this simple equivalent electric model when some modifications and adaptations of components 
characteristics using specifications of PV cells are done. This model can be integrated into the library of the Orcad-
Capture simulator. This makes possible analyzing the design and optimizing large PV systems yielding a possible 
optimization of the exploitation of the solar energy. 
 A. Zegaoui et al. /  Energy Procedia  50 ( 2014 )  437 – 444 441
3. The proposed PV model generalized for a PV arrays 
As indicated above, we can use the hierarchical bloc diagram of the SP75 PV module to generate a PV array in 
order to increase the generated solar power. Figure 6 gives a view of a generator array built by a series of 60 SP75 
modules in a 10x6matrix configuration. Within this configuration, for an open voltage circuit Voc of 21.7V, the 
array should be give Voc=1.3kV. 
 
Fig. 6. Simulated PV array by associating of 60 SP75 hierarchical blocs in series  
 
Fig. 7. I-V and P-V simulation results of the PV array according to the temperatures with irradiation set at 1000W/m². 
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Simulation results of the I-V and P-V characteristics of such array are given in Fig. 7 according to the temperature 
levels variation at a fixed solar irradiation of 1000W/m². We can clearly note that at 25°C, the open circuit voltage is 
1.299kV which is close to the theoretical value calculated above. The MPP is well reached at (Impp=4.49 amps, 
Vmpp = 1.01kV) and the array produces Pmpp = 4.535 kwatts. So the MPP power decreases within the increase of 
temperature. 
4. Proposed PV array model and shading 
 Once the model above obtained satisfactory results, we have decided to proof its behavior against shading 
defects. Two strings of 5 panels are bypassed each and one is shaded at 50% against by the other at 25%, i.e. the 
photocurrent of the first string is decreased to a value of 2.4 A and the second at 1.2 A as indicated in Fig. 8.  
 
 
 
Fig. 8. Set of shading tests on the SP75 via the proposed model 
Results of such test are shown in Fig. 9. We see on the I-V and P-V curves that the first bypass diode becomes 
conductive by forward biasing mode when the current through the load reaches the value of 1.19 A. When this 
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current achieve the value of 2.38 A, the second diode bypassing the string shaded at 50% enters in direct conduction 
mode short-circuiting the string and then, the load current increases. This shading configuration disturbs the 
operating mode of PV panels resulting in three knees on the characteristics curves and then three maximum power 
points. One of these MPPs is the absolute maximum power point and should be tracked. 
 
Fig. 9. Influence of shading on the I-V and P-V characteristics according to fixed irradiation level and temperature (1000W/m², 25°C) 
The particularity of this model as explained above is to make a high voltage outputs within a simple circuits. 
Results obtained in the current work by simulation on standard computer also indicate that the one-diode model as 
proposed and modified under Orcad-Capture is a good compromise between accuracy and complexity. Moreover, 
more accurate relations are derived for the open circuit voltage and diode saturation current that predict these 
quantities and hence, the I-V and P-V characteristics, under all conditions of temperature and irradiation quite 
accurately. These multiple-maximum power points characteristic were already observed in real conditions with a PV 
installation subjected to partial shading [10]. Nevertheless, deeper experiments done in real conditions within this 
configuration and type of PV panels must be carried out to confirm this study. Some other advantages of the model 
can be enlightened. Indeed, the model developed in the current contribution is adaptable and reliable as it gives 
simulation results in good agreement with experimental data. By else, linked to its simplicity, it can be easily 
implemented in a simulation environment. This helps designers to simulate the supply of PV networks based on an 
energy power transmission via HVDC bus. So, with the help of symbolization of hierarchical PV bloc, we can 
integrate the solar panels into the library of the Orcad-Capture software, and we can further investigate the design 
and optimization of a photovoltaic system for an optimal use of solar energy. In a further extension, it will be 
possible to use this model to create a high voltage direct current for simulate PV energy transmission in both 
transient and dynamic responses. 
5. Conclusion 
In this paper we first described the model of an equivalent circuit of a PV cell and is generalized to model a 
commercial solar panel (SP75) panel. The proposed model takes into account the possible variations of temperature 
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and solar irradiation, as it occurs in real conditions, by example when shading effects exist on the panels. The model 
is implemented on Orcad-Capture software and allows comparing results represented on I-V and P-V curves and 
output PV measurements with datasheet information. This PV model can model any PV cells using datasheet 
information. 
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